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Chapter 1: Introduction 

1.1 General Introduction  

Nanotechnology is an arising field of study including the design, manufacturing, 

characterization and operation of nanoscale patches, materials and systems due to their 

size-dependent physical and chemical properties (Kandiah et al., 2021). Nano 

technology is significant for creating new materials, tools and structures because of its  

 

 

Fig.1.1: Application of nanoscience and technology (Akter et al., 2019)  
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expertise in understanding, using and controlling matter in confines of a minute scale, 

analogous to approaching atomic levels (Preetha et al., 2013). 

 

Based on the nanoscale, NPs are microscopic particles having at least one dimension 

between 1 and 100 nm. NPs contain a very small size and a high surface-to volume 

ratio, distinguishing their attributes from those of their bulk molecules. NPs are a 

specifically significant type of nanomaterials having applications in a variety of sectors, 

(Fig.1.1) such as catalysis, electronics, sensing, oil recovery, water treatment, corrosion 

inhibition, packaging, cosmetics, paint and medication delivery (Akter et al., 2019). As 

a result of advancement in nanoscience the commercial availability of nanomaterials is 

expanding; thus, nano-products might be compacted into our daily life. Usually a 

variety of chemically distinct materials, with metals, metal oxides, polymers, organics, 

carbon, silicates, non-oxide ceramics and biomolecules are being used for creating NPs. 

Different morphologies are available of nanoparticles, including cylinders, spheres, 

platelets, tubes, etc. To satisfy the requirements of the individual applications NPs 

surfaces are modified for which they are intended. The large variety of NPs, resulting 

from their wide chemical nature, shapes and morphologies, the medium in which the 

particles are present, the state of dispersion of the particles and most importantly, the 

numerous possible surface modifications to which the NPs can be subjected, makes this 

an effective and efficient area of study (Nagarajan, 2008). There are many different 

types of dispersion media, including gases (aerosol), liquids, solid matrix and gels for 

the engineered NPs. As a result of surface modifications, such as DNA grafting, 

enzyme attachment or surface coatings with nano molecules or charged ligands, 

nanoparticles characteristics become changed.  
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For getting better shape, strength, surface characteristics and catalytic action the NPs 

are usually tailored. The progress of non-disruptive delivery systems along with 

nanoscale size, electrical, magnetic, paramagnetic, conductive, photothermal, 

photoluminescence, dispersing and all other features that can provide therapeutic or 

diagnostic cures for fatal brain diseases has been made possible by engineering NPs. 

As fluorescent image probes and MRI agents these designed nanoparticles are 

employed in biomedical settings. These diverse forms of nanoparticles have efficient 

properties which make them highly valuable for different types of applications (Fig. 

1.2). To create NPs enormous physiological, chemical or biological processes can be 

used (Fig. 1.3).  
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Fig.1.2:   Characteristics of nanomaterials   
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Because of having few advantages including low cost, friendly environment, high 

stability, Calcium carbonate (CaCO3) is getting more attention (Maleki et al.,2015). 

Fabricating porous CaCO3 microspheres (PCMs) has become not only a hot research 

subject but also a big challenge for researchers in material field. Precipitation, 

solvothermal and hydrothermal methods using additives such as surfactants, block 

copolymers, amino acids and so on, these efforts have been done to synthesize PCMs 

till now. Although these carriers could realize slow-release performance and improve 

the utilization efficiency of poultry and dairy sector to different degrees, their 

complicated process and high costs limit their practical applications (Park et al.,2016). 

 

As targeted delivery systems the application of nanoparticles (NPs) has attracted 

considerable attention. Due to its advantages including affordability, low toxicity, 

biocompatibility, cytocompatibility, pH sensitivity, sedate biodegradability and 

environment friendly materials CaCO3 has become more familiar (Rabiatul et 

al.,2018). 
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Fig.1.3:   Various method  s of NP   synthesis   
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This research showed that nano calcium can be used as an alternative to commercial 

calcium carbonate fillers in poultry and dairy industries.  

 

1.2 Aim and Objectives of the Study  

 

a. To synthesize calcium carbonate nanoparticles by using a suitable method such 

as precipitation, sol-gel or hydrothermal synthesis 

 

b. To characterize the synthesized nanoparticles by using techniques such as X-

ray Diffraction (XRD), Transmission Electron Microscopy (TEM), UV-Visible 

and Fourier-Transform Infrared (FTIR) Spectroscopy 

 

c. To evaluate the physicochemical properties of the synthesized nanoparticles 

like particle size, surface area and morphology. 

 

The overall aim of this research project is to provide a safe, effective and 

sustainable feed additive that can enhance the health and productivity of dairy and 

poultry animals, leading to higher profitability for farmers and better-quality 

products for consumers. 
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Chapter 2: Review of Literature  

2.1 Nanomaterials  

According to their dimensionality, nanomaterials may take the form of NPs, nanorods, 

and nanosheets. Nanoparticles are zero-dimensional nanomaterials, nanorods or 

nanotubes are one-dimensional nanomaterials and two-dimensional nanomaterials are 

often type one films and layers. These are categorized primarily as isolated NPs. Their 

physical properties will change, if two or more particles are contacted. Particles 

containing of these various components are referred as bulk or three-dimensional 

nanomaterials.  

2.2 Types of Nanomaterials  

Based on the nanoscale dimensions (<100 nm), they are classified as follows:  

➢ Zero-dimensional nanomaterials (0-D): In this case, all three nanomaterial 

dimensions are within the nanoscale range. NPs will fall under this category.  

➢ One-dimensional nanomaterial (1-D): Any one dimension will be in the 

nanoscale range, while the other two dimensions will not. Nanorods, nanotubes 

and nanowires are under this category.  

➢ Two-dimensional nanomaterials (2-D): Here, any two dimensions are inside 

the nanoscale range, while the remaining dimension is not. Nanofilms, 

nanolayers and nano coatings are under this class.  

➢ Three-dimensional or bulk nanomaterials (3-D): In any dimension these NPs 

are not in nanoscale. They are larger than 100 nm in three arbitrary dimensions, 

which comprise nanocomposites, core-shell structures, multi-nanolayers, 

nanowire and nanotube bundles (Kolahalam et al., 2019).  
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                Fig.2.1: Classification of nanomaterials based on dimension  
 

There are various types of nanomaterials present based on their form, size, 

characteristics and constituents. Based on carbon, metal nanoparticles, semiconductor 

nanomaterials, polymeric nanomaterials and lipids they are known as nanomaterials.  

 

2. 2.1 Carbon Based Nanomaterials  

Primary component of this type of nanomaterial is Carbon. Fullerenes and carbon 

nanotubes are under this category. CNTs are basically encased in graphene sheets 

which are coiled into a tube. These are more stronger than steel and easily can be used 

at reinforce structures. Both single-walled and multi-walled CNTs are exist. Fullerenes 

are particles consisting by a hollow cage structure with sixty or more carbon atoms. Its 

structure resembles a football and is made by pentagonal and hexagonal carbon units 
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structured in a common way. Superior electrical conductivity, electron affinity and 

tenacity are exhibited by them (Kolahalam et al., 2019).  

 

 

              

 

 

 

 

 

 

 

            

           Fig.2.2: Various carbon based nanomaterials (Xuan et al., 2019)  

 

2.2.2 Semiconductor Nanomaterials  

From semiconductors exhibit metallic and nonmetallic characteristics nanomaterials 

are derived. For displaying distinct properties large band gaps by modifying the 

materials are exhibited by them. These are usually employed in photocatalysis and 

electronic devices. For example, ZnS (Rajabi et al., 2018), ZnO (Kolahalam et al., 

2019). GaN (Aydın, 2018), GaP (Yue et al., 2006) and InAs (Lee and McLaurin, 2018) 

are group III-V elements. In recent years, researchers have been drawn to 

semiconductor grapheme nanocomposites. Graphene may improve the 

semiconductor's physical and chemical properties. Materials composited with 

graphene can be used for gas sensing sensitivity (Sharma et al., 2009) and piezoelectric 

properties (Kolahalam et al., 2019).  
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2.3 Characterization of Nanomaterials  

Nanoparticles usually display different physicochemical characteristics. Depending on 

how big or small, they show various qualities even on the nanoscale. In order to study 

its properties NPs characterization requires the use of a variety of tools which include 

the Vibrating Sample Magnetometer, Fourier Transform Infrared (FTIR), Atomic 

Force Microscopy (AFM), Transmission Electron Microscopy (TEM), Vibrating 

Sample Magnetometer (VSM), Scanning Electron Microscopy (SEM). 

Thermogravimetric analysis (TGA), Energy Dispersive X-ray Spectroscopy (EDS), 

Xray Photoelectron Spectroscopy (XPS), Magnetic Force Microscopy (MFM), 

Mossbauer Spectroscopy (MS), Electron Paramagnetic Resonance (EPR) and 

Superconducting Quantum Interference Device (SQUID), (Kolahalam et al., 2019).  

 

2.3.1 Determination of Surface Morphology, Surface Area, Size and Shape of NPs 

Depend on size and form the primary characteristic of NPs displays distinct 

physicochemical character. To examine the surface technology AFM, TEM and 

FESEM can be used. Diameter of NPs can also be calculated. Compositional, 

morphological and crystallinity information of NPs will be provided by TEM when 

compared to SEM. HRTEM, FESEM and XRD are three main techniques for 

calculating nanoparticle sizes. TEM is used normally to determine the size of the NPs 

(Chekli et al., 2016; Gabbasov et al., 2015). For determining the size using XRD 

spectroscopy the Scherrer equation can be used as well in them. Three techniques are 

useful for calculating the mean particle size and size distribution: Photon Correlation 

Spectroscopy (PCS), Mossbauer Spectroscopy (MS) and Dynamic Light Scattering 
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(DLS). To calculate NPs surface area the Brunauer Emmet Teller (BET) method can 

be used.  

 

2.4 Synthesis of NPs Using Bacteria   

Silver, gold bacteria are used as a potent bifactors for synthesizing metal NPs because 

various inorganic materials extracellular or intracellular are produced by bacteria (Pal 

et al., 2019). Bacteria-mediated AgNPs were first synthesized by the Pseudomonas 

Stutzeri AG259 strain (Haefeli et al., 1984). Green synthesis by bacteria is a slow 

process. AgNPs are biocompatible but some bacteria are resistant to silver.  

 

2.4.1 Synthesis of NPs Using Fungi  

As like bacteria fungi show high binding capacity, tolerance, bioaccumulation and 

ability to take intracellular. Synthesizing nanoparticles by using fungi is easier than 

others because the growth of fungi is higher than bacteria and easy to control. For the 

reduction of silver ions into CaCO3 NPs, large amounts of secretion of enzymes such 

as naphthoquinone, d anthraquinones are responsible (Pal et al., 2019).  

 

2.4.2 Synthesis of NPs Using Yeast  

Yeast use extracellular proteins to synthesize nanoparticles reported by (Mandal et al., 

2006). Fungi-mediated fabrication is used to synthesize semiconductors. By using 

yeast Candida glabrata, Schizosaccharomyces pombe various shapes such as 

monodisperse, spherical, peptide bond, CDs, Quantum crystallites were synthesized 

(Pal et al., 2019).    
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2.4.3 Synthesis of NPs Using Plants Extract  

Plenty of phytochemicals are present in plant part hydrophilic organic compounds are 

contained in plant materials mainly responsible to reduce ions to Ag (Sathishkumar et 

al., 2009). These are the source of reducing agents, stabilizing agent and capping agent 

(Bar et al., 2009, Rauwel et al., 2015). Plant metabolites such as flavonoids, terpenoids, 

polysaccharides, saponins, alkaloids, organic acid, quinones, amine, alcohol, aldehyde, 

essential oil and carbohydrates are mainly responsible for the reduction of ions (G. Pal 

et al., 2019, Rafique et al., 2017). Green synthesis can be done by using plant extract 

which involves simply mixing the extract with a solution of the metal precursor at 

optimized temperature. Synthesis based on plant is faster, easy, cheaper and sustainable 

synthesis process (Rai et al., 2008). Some factors are responsible for characteristics, 

synthesis rate, the morphology of nanoparticles which are temperature, pH, nature of 

plant extract, the concentration of precursor, synthesis time etc. (Joy Prabu and 

Johnson, 2015, Mittal et al., 2013, Nakkala et al., 2016, P. Singh et al., 2016).  

 

2.5 Common methods for producing CaCO3 micro/nanoparticles  

Several methods have been designed and used to produce CaCO3 nanoparticles. These 

methods include: 

i. Processing raw CaCO3 sources derived from nature 

ii. Carbonation  

iii. Solution precipitation 

iv. Reverse emulsion and 

v. Ultrasound-assisted synthesis. 
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2.6 General Overview 

Due to the potential benefits for animal growth and health nano calcium carbonate 

(nCaCO3) particles have been increasingly studied as a feed additive in the poultry and 

dairy industries. 

 

The effects of nCaCO3 on the growth performance, egg quality and mineral deposition 

of laying hens was investigated in the Journal of Applied Poultry Research (Bashir et 

al., 2018), It found result as addition of nCaCO3 to the feed improved the egg 

production rate and eggshell quality including increased the deposition of calcium, 

phosphorus etc. in the eggshells as well as bones of the hens. 

 

 The effects of nCaCO3 on the performance and immune response of dairy cows was 

evaluated in another study published in the Journal of Dairy Science (Majdoub et al., 

2017), the findings showed that milk production becomes increased and immune 

response of the cows improve due to the addition of nCaCO3 to the diet as evidenced 

by upper levels of immunoglobulins in their blood. 

 

The potential benefits of nCaCO3 as a feed additive in various animal species was 

summarized by the authors of the Journal of Animal Science and Biotechnology (Lee 

et al., 2018), where they showed that nCaCO3 could improve the absorption and 

utilization of nutrients, enhance growth performance, increase bone mineral density, 

and reduce the occurrence of diseases in animals. Besides, there are also have few 

studies that have reported negative effects of nCaCO3 on animal health. For example, 

a study published in Poultry Science (Majdoub et al., 2016) showed that the addition 
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of high levels of nCaCO3 to broiler chicken diets decreased their growth performance 

and caused intestinal inflammation. 

 

Considerable interest as a feed additive in poultry nutrition has gained by Nano calcium 

carbonate (NCC) and this is happening due to the exceptional physical and chemical 

properties of NCC, such as high surface area, small particle size and excellent 

dispersion ability. In a study conducted by (Hassanpour et al., 2016), the effect of NCC 

on broiler chicken performance was investigated where the results showed that the 

addition of NCC at a level of 0.5% to the diet significantly improved feed conversion 

ratio and body weight gain compared to the control group. The researchers concluded 

that NCC can be considered as a potential feed additive to improve broiler performance. 

 

Another study by (Amerah et al., 2017) investigated the effect of NCC on the growth 

performance and bone mineralization of broiler chickens and the results showed that 

the addition of NCC to the diet significantly increased body weight gain and bone 

mineral density compared to the control group. The researchers revealed that NCC can 

be utilized as an effective feed additive to improve bone health in broiler chickens. 

 

The effect of NCC on the immune response of broiler chickens was investigated by 

(Al-Mufarrej et al., 2019). The results showed that the addition of NCC to the diet at a 

level of 0.5% significantly increased antibody titers against Newcastle disease virus 

and infectious bronchitis virus compared to the control group. Here the researchers 

suggested that NCC can be used as an effective immune-modulating agent in broiler 

chicken nutrition. 
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Egg production performance and egg quality of laying hens was investigated by 

(Mahdavi et al., 2019) and the results reported that the addition of NCC to the diet at a 

level of 0.5% significantly improved egg production and eggshell thickness compared 

to the control group. The researchers concluded that NCC can be used as an effective 

feed additive to improve the egg production performance and eggshell quality of laying 

hens. 

 

Overall, the literatures suggest that NCC can be an effective feed additive in poultry 

nutrition to improve growth performance, bone health, immune response and egg 

production performance. However, further research is needed to fully understand the 

mechanisms of action and optimal dosage levels of NCC in poultry feed. 
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Chapter 3: Materials and Methods 

3.1 Introduction  

Four advanced characterization techniques were used in this investigation to 

investigate the physical and chemical properties of the various CaCO3 powder samples 

that are produced at laboratory. These techniques included: a) X-Ray diffraction 

(XRD) spectroscopy, which was used to examine the crystallite size and crystalline 

structure of the powders b) Fourier transform infrared spectroscopy (FT-IR) that was 

used to identify functional groups and their respective vibration modes present in the 

powders c) Electron microscopy via Transmission Electron Microscopy (TEM) was 

used to determine both mean particle size and morphology and d) UV-visible 

spectroscopy, which was used to investigate the formation of the nanoparticles.  

  

3.2 Study Area    

 

This experiment was carried out in the laboratory of Pulp and Paper Division and Forest 

Chemistry Division of Bangladesh Forestry Research Institute, Chattogram. Tests were 

conducted at the departments of Applied Chemistry and Chemical Technology, 

Chattogram Veterinary and Animal Sciences University (CVASU), Chattogram and 

Bangladesh Atomic Energy Commission, Dhaka.  

 

3.3 Study Duration 

The experiment was conducted for a period of Six months from 10th December, 2022 

to 10th June, 2023.  
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3.4 Collection of Chemicals and Reagents 

The chemicals and reagents were collected from the scientific and surgical shop 

situated at Anderkilla of Chattogram City.  

 

3.5 Required Chemicals and Reagents 

In this following study, analytical grade chemicals and reagents were used. The 

chemicals and reagents that used in this work are listed below:    

i. Deionized Water 

ii. Calcium Acetate (Loba Chemie Pvt. Ltd., India) 

iii. Ammonium Carbonate (BDH Chemicals Ltd, Poole, England) 

iv. Soluble Starch (BDH Chemicals Ltd, Poole, England) 

 

3.6 Required Equipment and Instruments 

For the synthesis, characterization, formation of the CaCO3 NPs, following equipment 

and instruments were used:  

i. Digital Balance (AY220, Shimadzu Corporation, Japan) 

ii. Hotplate Stirrer (JSHS-18D, South Korea) 

iii. Centrifuge Machine (DSC-200A-2, Taiwan) 

iv. Mortar and Pestle 

v. UV-visible Spectrophotometer (1800ENG240V, SOFT, Shimadzu, Japan) 

vi. FT-IR Spectrophotometer (Jasco-FTIR-6300, Shimadzu, Japan) 

vii. X-ray Diffractometer (Philips, Expert Pro, Netherland) 

viii. Transmission Electron Microscope (LEO 1430VP, Netherland)  

ix. Vacuum Oven and  

x.     Desiccator  
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3.7 Synthesis Procedure of CaCO3 Nano Particles 

SS (0.0, 0.25, 0.5g) was added to 100 mL of deionized water under stirring (500 rpm) 

 

 

 

Then the resulting solution was heated and kept at 800C for 30 min to get a nearly 

transparent aqueous solution 

 

 

 

After cooling to room temperature, CA (1.76 g) was added to the resulting aqueous 

solution under stirring (500 rpm) for another 30 min at 20, 50 and 800C 

 

 

Afterwards, the AC aqueous solution (0.1 mol/L, 100 mL) was added to the solution 

 

After stirring for 12h, the CaCO3 particles were obtained after centrifugation (10,000 

rpm, 5 min) and washed with deionized water three times and drying at 600C in a 

vacuum oven for 12h. 
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3.8 Characterization of CaCO3 Nano Particles 

Characterization of synthesized CaCO3 NPs was performed to determine their 

physicochemical properties like particle size, surface area and morphology (Table 

3.1). 

 

 

Table 3.1: Characterization techniques of synthesized CaCO3 NPs 

 

 

3.8.1 UV-Vis Spectroscopy  

The reduction of pure CaCO3 was observed by measuring the UV-Vis spectra of the 

reduction media by using a 3 ml sample and comparing it to a 3 ml blank of distilled 

water. To record the UV-Vis spectra of the resultant colloidal solution of the expected 

CaCO3 NPs in the wavelength region of 185-800nm, a UV-Vis spectrophotometer was 

used. The baseline was adjusted by using distilled water as a reference blank 

(Shafaghat, 2015; Uddin et al., 2020).   

 

Characterization Techniques Property Characterized 

UV-Vis Spectra Analysis Formation of Nanoparticles 

Fourier Transform Infrared Spectra 

Analysis (FTIR) 

Functional group of organic compounds 

Transmission Electron Microscopy (TEM) Particle size, Surface morphology 

X-ray Diffraction Analysis (XRD) Crystallinity, Particle size 
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Fig 3.1. UV-vis Spectroscopy 

 

3.8.2 Fourier Transform Infrared (FT-IR) Analysis 

FT-IR spectroscopy investigation on the CaCO3 powder samples since the FT-IR 

spectrum can help to distinguish between the different phases of calcium carbonate 

crystals. All crystal phases can be discriminated by detecting and identifying the 

absorption bands because each phase of CaCO3 has some characteristic absorption 

bands. Fourier transform infrared spectroscopy (FT-IR) was used basically to identify 

the presence of intrinsic functional groups in CaCO3 NPs from the biomolecules 

present in the powder of CaCO3. To record IR spectra in the mid-IR band (4000-400 

cm-1), FT-IR spectrophotometer (Jasco-FTIR-6300, Japan) was used. In order to get IR 

spectra dry and solid CaCO3 NPs (1% w/w) powder was homogeneously combined 

with pure and dry KBr powder in a quartz mortar using a pestle and then compressed 

mechanically under a pressure of 8-10 tons in a metal holder to form a translucent 

pellet. The pellet was then placed in the direction of the instrument's IR beam with a 

sample holder to get the spectral measurement. The baseline of the spectrum was 

modified using KBr after getting spectra of the material (Preetha et al., 2013).  
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Figure 3.2. FT-IR/ NIR Spectrometer Chemical composition 

 

3.8.3 Transmission Electron Microscopy (TEM)  

Electron microscopy was pioneered in the late nineteen-thirties by Manfred von 

Ardennes and Helmut Ruska. But extensive scanning electron microscopy 

development only started in the early nineteen fifties and unlike conventional optical 

microscopy, Transmission electron microscopy (TEM) uses electrons as a substitute 

for light emission to an image sample. The TEM operates by using a vacuum and with 

the help of electron guns, the source of electrons are produced at the top of the 

microscope. The electrons travel vertically downwards towards the sample holder. 

Electromagnets control their passage which produce electromagnetic fields that act as 

lenses to guide and focus the electron beam. Both electrons and X-rays are ejected 

from the sample when the beam once strikes the sample. To generate a high-resolution 

digital image of the sample, in the lower part of the microscope, detectors gather the 

X-rays, backscattered electrons and secondary electrons and finally convert them into 

a signal (Riehemann et al., 2009).    

 

There are several advantages present in TEM technique, such as a considerable depth 

of area and a high degree of magnification that can handle various samples. 

Additionally, TEM also generates qualitative elemental compositional analysis, 
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quantitative analysis, x-ray line scans and mapping. These advantageous features 

enable the TEM technique to study microstructures and material defects like fractures, 

corrosion particle size and morphology and grain size determinations and boundaries. 

However, before imaging in the TEM, non-conductive samples need to be coated 

(gold, carbon and platinum) to promote conductivity (Prasad et al., 2012).  

 

To investigate the size and morphology and elemental composition of the respective 

CaCO3 micro/nano powder samples, electron microscopy studies were undertaken. A 

thin sample layer was put on a carbon-coated copper grid (Kabir et al., 2020).  

 

 

 

 

 

 

Figure 3.3. Operating principle of the TEM 

 

 

 

 

 

 

 

Figure 3.4. TEM, LEO 1430VP Neo-Scope TM electron microscope 
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3.8.4 X-ray Diffraction (XRD) Analysis  

Analysis of CaCO3 NPs through X-ray diffraction (XRD) were performed by X-ray 

Diffractometer (Philips, Expert Pro, Netherland). The powder samples were placed in 

a square aluminum sample holder (40mm × 40mm) with a 1mm deep rectangular hole 

(20mm × 15mm) and placed against an optical smooth glass plate. With the help of 

sample holder the upper surface of the sample was labeled in the plate. The sample 

holder was then placed in the diffractometer to get the diffraction pattern 

(Anandalakshmi et al., 2019).  

 

 

 

 

 

 

 

Figure 3.5. Schematic of three main components of an XRD 

 

 

 

 

 

 

 

Figure 3.6. X-ray powder diffractometer for CaCO3 analysis 
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3.9 Statistical Analysis   

“Originpro”, “Image software” and “Excel software” were used during the graphical 

presentation and data analysis. 
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Chapter 4: Result 

4.1 UV-Vis Spectroscopy  

The synthesized CCNPs were initially characterized by UV-Vis Spectroscopy. Figures 

(4.1-4.4) display the UV-Vis spectra of CCNPs in the wavelength range of 185 to 800 

nm at different temperature (Ghadami et al., 2013). Calcium carbonate nano powders 

were partially dissolved in deionized water through vortex mixer to obtain the UV 

absorption bands. The strong absorbance value obtained for calcium carbonate 

nanoparticles in the range of 200 to 300 nm in UV that indicates the formation of 

CCNPs in the samples (Diningsih and Rohmawati, 2022). In the figures, the UV 

absorption spectrum of CCNPs showed the strong absorbance value of 2.742 (sample 

A at 200 C), 2.775(sample B at 500 C), 2.692 (sample C at 800 C) in the wavelength of 

205nm, 216nm and 209 nm respectively. So, the UV analysis confirms the presence of 

CCNPS in the samples. 

 

 

 

 

 

 

 

Fig. 4.1: UV-vis spectra of synthesized CaCO3 nanoparticles at 200 C 
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Fig. 4.2: UV-vis spectra of synthesized CaCO3 nanoparticles at 500 C 

 

 

 

 

 

 

 

 

 

Fig. 4.3: UV-vis spectra of synthesized CaCO3 nanoparticles at 800 C 
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Fig. 4.4: Combined UV-vis spectra of synthesized CaCO3 nanoparticles at 200 C, 

500 C and 800 C 

 

4.2 Fourier Transform Infrared Spectroscopy (FT-IR)    

 To identify the functional groups and chemical bonds FT-IR analysis are usually used. 

FT-IR spectra of synthesized nanoparticles exhibiting the functional groups and 

chemical bonds on the surface of nanoparticles are showed at Figures (4.5-4.8) and 

display that FT-IR spectrum was generated by the absorption of electromagnetic 

radiation in the frequency range 500-4000cm-1. The molecular structure of CaCO3 with 

associated functional groups is revealed through the appearance of several peaks. The 

spectrum showed the vibrational bands at 1400cm-1,1100cm-1, 1200cm-1, 875cm-1 and 

750cm-1 are described to the asymmetric stretching, symmetric stretching, out-of-plane 

bending, in-plane bending vibrations of carbonate respectively that indicates the 

presence of carbonate (Wang et al., 2018). It is confirmed by FT-IR analysis that the 

calcium carbonate nanoparticles have the characteristic peak of carbonate group. The 
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peaks confirmed that the nanoparticles could be possible of calcite phase. Furthermore, 

the IR spectrum of CaCO3 nanoparticles represents peaks at 518cm-1, 588.12cm-1, 

814cm-1, 1142.30cm-1 respectively corresponding to the Ca-O, O-H, C-H and C-C 

vibrations. The peaks at 3000cm-1 and 1600 cm-1 assigned to the stretching and 

bending vibrations of -OH of SS. It is also evidenced that the calcium carbonate 

nanoparticles consisted of CaCO3 itself (Xiang et al., 2018).  

Fig.4.5: FTIR spectra of synthesized CaCO3  nanoparticles at 0.0 gm, 0.25gm, 

0.50gm of Starch concentration at 200 C 

 

Fig.4.6: FTIR spectra of synthesized CaCO3  nanoparticles at 0.0 gm, 0.25gm, 

0.50gm of Starch concentration at 500 C 
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Fig.4.7: FTIR spectra of synthesized CaCO3  nanoparticles at 0.0 gm, 0.25gm, 

0.50gm of Starch concentration at 800 C 

 

Fig.4.8: Combined FTIR spectra of synthesized CaCO3  nanoparticles at 0.0 gm, 

0.25gm, 0.50gm of Starch concentration at 200 C, 500 C and  800 C 
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4.3 X-ray Diffraction (XRD)    

 

 

 

 

 

 

 

 

 

Fig.4.9: Peak positions for synthesized CaCO3 nanoparticles in XRD analysis 

(The asterisk marks denote unassigned peaks) 

 

The crystal structure and phase identification of the CCNPs samples were analyzed 

using the X-ray diffraction pattern. The XRD spectra were recorded and observed 2θ, 

h k l values with a diffraction angle between 20° to 80° for all the CCNPs sample at 

20°C, 50°C, 80°C. The crystallite size was determined from the broadenings of the 

corresponding X-ray spectral peaks by using Scherrer’s formula. The average nano-

crystalline size(D) was calculated using the Scherrer formula (Shivaraj et al., 2017). 

𝐷 =
𝐾𝜆

𝛽 cos 𝜃
 

Where, λ is the wavelength of X-ray radiation source (0.15406), k is the geometric 

factor (0.9), β is the FWHM (full-width at half maximum) of the XRD peak at the 

diffraction angle θ.  
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Table 4.1: Structural parameters of synthesized CCNPs from the XRD analysis 

at 20°C 

 

As shown in Figure 4.9 illustrates the Table 4.1 displays the result of the XRD analysis 

show that each  diffraction peak is at an angle of 23.21°, 29.49°, 36.07°, 39.55°, 43.23°, 

47.15°, 47.50°, 48.55°,57.46°, 60.76°, 63.13°, 64.73°, 65.53° and 73.45° with Miller 

index (012),  (104), (006), (110), (113), (202),  (024), ( 018), (116), (122), ( 214), (125), 

(300), (001) and (306) indicates the crystallographic planes of calcite respectively in 

the CCNPs sample at 20°C (Luo et al.,2020). The diffraction peak data on the synthesis 

results are the following JCPDS PDF number (01-080-9776). Calculated crystalline 

Plane 

(h k l) 

Peak 

Position 
2θ(degree) 

FWHM 

(degree) 

Crystallite Size, 

D(nm) 

Average 

Crystallite 

Size(nm) 

0 1 2 23.21 0.18 45.8  

 

 

 

 

 

 

 

 

40.65 

1 0 4 29.49 0.17 48.0 

0 0 6 31.45 0.33 26.0 

1 1 0 36.07 0.19 46.6 

1 1 3 39.55 0.22 41.0 

2 0 2 43.23 0.21 42.1 

0 2 4 47.15 0.13 68.5 

0 1 8 47.50 0.21 42.7 

1 1 6 48.55 0.24 38.5 

1 2 2 57.46 0.24 39.7 

2 1 4 60.76 0.77 12.5 

1 2 5 63.13 0.30 33.0 

3 0 0 64.73 0.33 29.6 

0 0 1 65.53 0.15 64.6 

3 0 6 73.45 0.63 16.5  
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size of the CCNPs (20°C) were found within the range of 11nm to 70 nm with an 

average of 40.65 nm.  

 

 

Table 4.2: Structural parameters of synthesized CCNPs from the XRD analysis 

at 50°C 

 

As shown in Figure 4.9 illustrates the Table 4.2 that the peaks with diffraction angle 

were observed at 23.31°, 29.66°, 36.24°, 39.68°, 43.44°, 47.64°, 48.72°, 57.59°, 61.10°, 

63.14°, 64.89°and 73.82° which corresponds to the lattice planes (012), (104), (006), 

(110), (113), (202), (018), (116), (122), (214), (125), (300) and (128) respectively. This 

data is in good agreement with the JCPDS card no. (01-080-9776) which proves that 

CaCO3 NPs is existed in calcite form (Kadota et al., 2020). The particle size of the 

Plane 

(h k l) 

Peak 

Position 2θ 

(degree) 

FWHM 

(degree) 

Crystallite 

Size, D(nm) 

Average 

Crystallite 

Size(nm) 

0 1 2 23.31 0.25 34.2  

 

 

 

 

 

 

 

26.58 

1 0 4 29.66 0.21 40.3 

0 0 6 31.58 0.33 26.5 

1 1 0 36.24 0.22 39.0 

1 1 3 39.68 0.35 25.6 

2 0 2 43.44 0.71 12.5 

0 1 8 47.64 0.25 36.4 

1 1 6 48.72 0.29 31.0 

1 2 2 57.59 0.33 28.9 

2 1 4 61.10 0.91 10.6 

1 2 5 63.14 0.56 17.4 

3 0 0 64.89 0.31 31.3 

1 2 8 73.82 0.88 11.8 
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nanoparticles estimated by the relative intensity of peaks and peak sharpness found 

within the range of 11nm to 40 nm with an average of 26.58 nm. 

 

 

 

 

 

 

 

 

 

 

Table 4.3: Structural parameters of synthesized CCNPs from the XRD analysis 

at 80°C 

As shown in Figure 4.9 illustrates the Table 4.3 that the XRD patterns of the 

synthesized CCNPs at 80°C obtained peaks at 2θ° values of 23.01°, 29.33°, 39.38°, 

43.15°, 47.42°, 48.45°, 57.39°, 60.27°, 62.92°, 68.68° and 73.45° corresponding to the 

planes (012), (104), (006), (113), (202), (018), (116), (122), (214), (125), (217) and 

(306) respectively demonstrating the structure of CaCO3 phases with the JCPDS card 

no.(01-080-9776). The presence of sharp peaks denotes the highly crystalline CaCO3 

in the sample (Mensah et al., 2022). The crystal size of the synthesized CCNPs were 

estimated about 10nm to 72 nm with an average of 32 nm. 

Plane 

(h k l) 

Peak 

Position 2θ 

(degree) 

FWHM 

(degree) 

Crystallite 

Size, D (nm) 

Average 

Crystallite 

Size(nm) 

0 1 2 23.01 0.32 26.5  

 

 

 

 

 

 

 

32 

1 0 4 29.33 0.26 33.1 

0 0 6 31.35 0.39 22.2 

1 1 3 39.38 0.37 24.0 

2 0 2 43.15 0.12 71.7 

0 1 8 47.42 0.21 43.6 

1 1 6 48.45 0.20 46.4 

1 2 2 57.39 0.18 53.0 

2 1 4 60.27 4.10 2.30 

1 2 5 62.92 0.42 23.2 

2 1 7 68.68 0.98 10.2 

3 0 6 73.45 0.57 18.1 
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4.4 Transmission Electron Microscopy (TEM)   

The morphology of synthesized CCNPs at various temperature was determined by 

using TEM analysis. Figures (4.10-4.12) show the TEM micrographs of synthesized 

CCNPs at various magnifications and provide details on their surface morphology, size 

and shape distribution (Xue et al., 2015). 

 The synthesized CCNPs displayed their average particle size, average particle length 

and average aspect ratio in a histogram during the TEM investigation. At 20°C, the 

typical CCNPs particle size, length and aspect ratio are 44 ± 10 nm, 148 ± 37 nm and 

3.36 respectively. The synthesized CCNPs have an average particle size, length and 

aspect ratio of 29 ± 4 nm,84 ± 13 nm and 2.90 at 50°C.The average particle size, length 

and aspect ratio of the synthesized CCNPs at 80°C are in that order,105 ± 65 nm, 189 

± 167 nm and 1.80. Therefore, the TEM images confirm that the CCNPs nanoparticles 

were properly crystallized and had a rod like structure (Atta et al., 2016). 

                         

                          

                  

Fig.4.10: TEM image, Particle length distribution and Particle size

distribution of CCNPs at 200C
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Fig.4.11: TEM image, Particle length distribution and Particle size

distribution of CCNPs at 500C

                          

                           

                  

Fig.4.12: TEM image, Particle length distribution and Particle size

distribution of CCNPs at 800C
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Chapter 5: Discussion 

5.1 UV-Vis Spectroscopy Analysis   

The technique of UV-vis spectroscopy is employed to identify the existence of calcium 

carbonate nanoparticles in a sample. In UV Spectrophotometer, the absorbance value 

obtained for calcium carbonate nanoparticles sample in the range of 200 nm to 300 nm 

that produces strong absorbance peak confirming the formation of CCNPs in the 

sample (Diningsih and Rohmawati, 2022). 

Figures (4.1-4.4) display the UV absorption spectrum found in the different 

wavelength along with absorbance value in CCNPs sample. At 20°C, the sample 

showed the different absorbance value of 2.742, 1.073, 0.011 in the range of 205 nm, 

272 nm and 728 nm suggesting the presence of calcium carbonate nanoparticles 

(Shivaraj et al.,2017). The absorption peak observed at 211 nm ,216 nm, 357 nm and 

763 nm along with the absorbance value of 2.755, 2.775, 0.084, 0.045 in the CCNPs 

sample at 50°C that reporting the presence of calcium carbonate (Gupta et al., 2015). 

The UV spectrum of another sample (at 80°C) revealed the absorption rate of 0.009, 

2.692 at 209 nm and 780 nm (Hariharan et al., 2014).  

Among the three sample, the CCNPs sample (50°C) showed the greater absorbance 

value in the UV absorption spectrum. So, the strong absorbance peak obtained for 

CCNPs sample in the range of 216 nm. By capturing the UV-Visible spectra of a 

solution containing CCNPs, the formation of CCNPs was further validated.  

5.2 Fourier Transform Infrared Spectroscopy (FT-IR) Analysis   

Fourier transform infrared spectroscopy (FT-IR) is used to identify functional groups 

and their respective vibration modes present in the calcium carbonate nanoparticles. 

The different phases of calcium carbonate crystals can be distinguished by FT-IR 
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spectrum. By detecting and identifying the absorption bands all CaCO3 crystal phases 

can be discriminated. The absorption bands of a carbonate-based material have normal 

modes of vibration peaks: a) Symmetric stretching at about 1080 cm-1 (ν1); b) The out-

of-plane bending absorption at about 870 cm-1 (ν2); c) Asymmetric stretching at about 

1400 cm-1 (ν3) and d) In-plane bending around 700 cm-1 (ν4) (Nasseh, 2021). The 

graphs displayed that FT-IR spectrum was generated by the absorption of 

electromagnetic radiation in the frequency range 500-4000cm-1. The spectrum showed 

vibrational bands at 1400 cm-1, 1100 cm-1, 1200 cm-1, 875 cm-1 and 750 cm-1 are 

described to the asymmetric stretching (v3), symmetric stretching (v1), out-of-plane 

bending (v2), in-plane bending vibrations (v4) of carbonate respectively that indicates 

the presence of carbonate (Wang et al.,2018). It is ensured that the calcium carbonate 

nanoparticles had the characteristic peak of carbonate group.  The stretching and 

bending vibrations of -OH of SS is assigned to the peaks at 3000 and 1600 cm-1. 

Besides, the FTIR peak of SS at 1155 cm-1 described to the C-O stretching vibration of 

the -C-O-H group and the other peak at 1080 cm-1 was corresponding to the O-C 

stretching vibration. The antisymmetric stretching vibration of C-O is assigned to the 

peak at 1540 cm-1 and the twisting and stretching vibrations of O-C-O appeared in the 

FTIR spectrum of SS-CA are corresponded to the peaks of 676 and 612 cm-1, which 

indicates the incorporation of CH3COO- with SS. The intensity of the peak at 3370  

cm-1 decreased distinctly when SS bond CA and the peak at 1644 cm-1 shifted to 1614 

cm-1, indicating the formation of hydrogen bonds between the -COOH of AC and -OH 

of SS, which was favorable for adsorbing Ca2+ in the SS aggregate. The peak at 1022 

cm-1 corresponding to the C-OH stretching vibration of SS likely attributed to the 

chelation of Ca2+ by the -OH of SS (Xiang et al., 2018). Furthermore, the IR spectrum 
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of CaCO3 nanoparticles represents peaks at 588.12cm-1, 814cm-1 and 1142.30cm-1 

respectively corresponding to the O-H, C-H and C-C vibrations (Kazemi et al., 2021). 

5.3 X-ray Diffraction (XRD) Analysis  

X-ray powder diffraction (XRD) analysis was performed to monitor the 

crystallographic structure of the CCNPs in the sample at 20°C, 50°C and 80°C. The 

diffraction patterns of CCNPs showed characteristic peaks which indicate the 

crystallinity of the synthesized calcium carbonate nanoparticles. A dominant phase of 

calcite was observed evidenced although a trace of vaterite was also seen in the CCNPs 

sample. The broad diffraction peaks indicate that calcite and vaterite were the principal 

crystalline polymorphs corresponding respectively to (h k l) namely (012), (104), (110), 

(113), (018), (116), (125), (300), (110), (116), (214) and (300) (Ali Said et al., 2020). 

A recent study of XRD pattern of the CCNPs investigated that the obtained peaks at 

2θ° values of approximately 23°, 29.4°, 36°, 39.4°, 43.1°, 47.5°, 48.5°, 57.5° and 65° 

corresponding to the planes of (012), (104), (006), (110), (113), (202), (018), (116), 

(122), (300) suggesting the presence of   crystalline calcite   in the sample (Kadota et 

al., 2020). 

In this study, all CCNPs sample exhibit the same highest diffraction peak at 2θ°=29.5° 

in the planes of (104) at different temperature. The average particle size of 

nanoparticles found to be 40.65 nm, 26.58nm, 32nm as estimated by Scherrer formula 

that indicates that particles are in crystalline structure (Dehghani et al., 2019, Biradar 

et al., 2011). At 50°C, the calculated average crystallite particle size found to be the 

smallest compared to other two samples. In XRD analysis, the lattice parameter of all 

CCNPs sample at different temperature also prove that they are in hexagonal crystalline 

structure. 
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5.4 Transmission Electron Microscopy (TEM)   

The morphological structure, particle size, shape, and distribution of the CCNPs in the 

sample at 20°C, 50°C and 80°C were all examined by using transmission electron 

microscopy. The TEM images demonstrate that the majority of calcium carbonate 

nanoparticles have a significant propensity to aggregate due to their high surface 

energy, which results from their small particle size (Ghadami et al., 2013). 

According to TEM investigation, the synthesized CCNPs nanoparticles at various 

temperature   had an average particle size of 44 ± 10 nm, 29± 4 nm and 105± 65 nm, 

which were consistent with the average crystal sizes estimated from the XRD data (Hari 

Bala et al.,2005). The synthesized CCNPs also showed that, at the same concentration, 

particle size varied with different temperatures. In comparison to the other two samples, 

the average particle size at 50°C was determined to be the lowest, supporting the 

findings of the XRD study. 

In the results of the TEM study, the synthesized CCNPs nanoparticles at various 

temperatures exhibited a rod-like structure and were properly crystallized. 
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Chapter 6: Conclusion 

In conclusion, CaCO3 nanoparticles could have implicit places in unborn therapeutic 

operations due to bio-accessibility, bio-availability and it's economically affordable. 

Their role in bone scaffolding, tissue engineering, gene and medicine delivery is 

important and could replace numerous old ways and treatment styles in conditions 

similar as cancer microbial infections. The use of calcium carbonate nanoparticles in 

poultry feed can ameliorate the digestibility and immersion of nutrients, leading to 

bettered growth and productivity in poultry. As a feed supplement the use of calcium 

carbonate nanoparticles also offers environmental benefits, because it can reduce the 

quantum of waste generated by the poultry industry. At low concentrations the 

nanoparticles can be incorporated into feed formulations, which can drop the quantum 

of redundant nutrients excreted by poultry into the environment. Overall, the synthesis 

and characterization of calcium carbonate nanoparticles offer a promising result to 

ameliorate the effectiveness and sustainability of the poultry and dairy industry. To 

optimize the synthesis process and estimate the long- term effects of calcium carbonate 

nanoparticles more exploration is demanded on animal health and performance.  
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Chapter 7: Recommendations and Future Perspectives  

The aim of synthesizing and characterizing calcium carbonate nanoparticles for use in 

the dairy and poultry industry as a feed additive for improving the overall health and 

productivity of these animals. Calcium carbonate is a very essential nutrient which is 

important for bone formation, eggshell formation and milk production. The surface 

area of the calcium carbonate can be increased by using nanoparticles, which enhances 

its absorption and bioavailability. 

 

a. The effect of the synthesized nanoparticles on the growth performance, bone 

strength, eggshell quality and milk production of dairy and poultry animals can 

be investigated. 

 

b. The safety and toxicity of the synthesized nanoparticles by conducting toxicity 

tests on animals can be assessed and the nanoparticles accumulation in organs 

is also can be analyzed. 

 

c. To achieve the maximum benefit without adverse effects the dosage of the 

synthesized nanoparticles may be optimized. 

 

Drug may be used with porous calcium carbonate and porous calcium carbonate will 

work as feed and as drug loader simultaneously. 
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Appendices  

Appendix A: S-0.25(20)-Evaluation report 
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Lattice parameters 
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Appendix B: S-0.25(50)-Evaluation report  

General information 
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Qualitative analysis results 

Phase name Formula Figure of merit Phase reg. detail Space Group DB 

Card Number 

Calcium Carbonate Ca ( C O3 ) 1.097 S/M(PDF-2 Releas… 167 : R-3c:H 01-

080-9776 

 

Phase Data View 
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Appendix C: S-0.25(80)-Evaluation report  
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Peak Profile View 
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Qualitative analysis results 

Phase name Formula Figure of merit Phase reg. detail Space Group DB 

Card Number 

Calcium Carbonate Ca ( C O3 ) 1.469 S/M(PDF-2 Releas… 167 : R-3c:H 01-

080-9776 

 

Phase Data View 
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Lattice parameters 
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Appendix D: Photo Gallery 

 

 

 

 

 

 

 

 

 

   

 

 

 

Weight Measurement Starch Adding at 100ml Distilled Water 

Heating the Starch Calcium Acetate Adding at Room Temperature 

Stirring After Adding Ammonium Carbonate Heating of Calcium Acetate 
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Centrifugation Drying 

Condition After Drying Final Powder Formation 
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